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1 . An apparatus! for performing the polymerase chain reaction in a plurality of liquid 
reaction mixtures; s; id apparatus including a plurality of vials containing such liquid 
reaction mixtures, s lid vials having an upper portion and a lower portion; said apparatus 



comprising: 

an assembly 
a cover for ; 

constant temperatui e 
a computing 



for cycling said vials through a series of temperature excursions; 
pplying a seating force directly to said vials and for applying a 
to the upper portion of said vials; and 
apparatus for controlling said temperature excursions of said 



assembly and said constant temperature of said cover. 



2. 



The apparatus of claim 1 wherein said assembly comprises: 
a sample block for receiving said vials; 
a plurality of thermal electric devices^ 
a heat sink; 

a clamping mechanism pofitionAS so as to clamp said Peltier thermal electric 

devices between said sample block aryfl/said ! 

a heater positioned loos^^p^und the perimeter of said sample block; and 
a pin having a first end anfl a second end, said first end in close contact with said 

sample block and said second and in close contact with said hcatsink so as to provide a 

thermal path between said sapiple block and said heatsink. 



3. The appi 
a plural i 

bottom; 

an upper 



ratus of claim 2 wherein said sample block comprises: 

y of sample wells, for receiving sample vials, each well having a top and 

support plate connecting the tops of said sample wells. 



The apparatus df claim 3 wherein said upper support plate and said sample wells 
electroformed as a single piece. 



* 
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5. The apparatus of claim 3 wherein said sample block is comprised of silver. 

6. The apparatus of clain?3 wherein said sample wells are arranged in an 8x12 
array. 



7. The apparatus of claim 3 wherein sample block is rectangular. 



8. The apparatus of claim 2 wherein said plurality of Peltier thermoelectric devices 



are matched to 



provide a temperature within 0.2 C for a given input current. 



he apparatus ofelaimy^whcrcin said /clticr thermoelectric devices comprise: 
a first ceramic layer having bonded copper traces; 

a second ceramic layer having bonded copper traces, said second ceramic layer 
comprising a plurality of ceramic elements; and 

a plurality of bismuth telluride pellets positioned between said first ceramic layer 
and said second ceramic layer an^soldered to said bonded copper traces on said first and 
second ceramic layers. 



10. The apparatus of <^aim 9 wherein the ceramic of said first and second layer is 
alumina. 

1 1 . The apparatus of claim 9 wherein the ceramic layers have a thickness of 
0.508mm. 

1 2. T\y£ apparatus of claim 9 wherein said bismuth telluride pellets are soldered using 
high temperature solder. 



13. Theapp 
the equation: 



iratus of claim 9 wherein the resistivity of the devices is determined from 



w 



R=nr(h/A) 
where R is the res 
bismuth telluride 
of the bismuth tel 
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stivity of the device, n is the number of pellets, r is the resistivity of the 
5eing used, h is the height of the pellet and A is the cross sectional area 
uride. 



I 



apparatus of claim f. wherei 



to said fins to control air flow through said fins; 



1 said heatsink comprises: 
ablate having a top side and a bbttom side; 
a plurality of fins extending per >endicularly from said bottom side; 
C// a trench extending around the p dimeter of said top side to impede heat loss from 
aid perimeter; 

a fan placed in close proximity 

and 

a recess within said plate for receiving a temperature sensor 

= 2 K 15. The assembly of claim ^whepin said clamping mechanism comprises: 
^ a spine and said spine having a plurality of openings in said spine for receiving 

fy fasteners; 

H a plurality of fingers extending laterally from said spine. 



1 6. The apparatus mechanism of claim 1 5 wherein said spine is rectangular in shape. 

1 7. The apparatus mechanisip of claim 15 wherein said fingers are rectangular in 
shape. 

1 8. The apparatus of claim /l 5 wherein said fingers have a top and a bottom and are 
tapered so as to have less width at said top than at said bottom. 



1 9. The apparatus of claim 1 5 wherein said fingers have a first end protruding 
laterally from said spine and/a protrusion extending downward from said first end. 
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20. The apparatus of claim l^vvherein said fingers have a beveled front edge. 

2 1 . The apparatus of\Haim 1 5 wherein each of said openings are located in close 
proximity to a corresponding finger. 

i 1 ^ 

22. The apparatus 6f claim ^wherein said heater comprises an electrically resistive 
path embedded in a frame shaped film carrier. 



23. The apparatus o 
set of sections located o 
density and a second set 
a second power density, 

24. The apparatus o 
of storing data related to 

25. The apparatus o 

a platen, vertica 
platen including: 

an array 
openings having 



claim 22 wherein said electrically resistive path comprises a first 
opposite sides of said frame shaped carrier having a first power 
of sections located on opposite sides of said frame shaped having 



laim^f further comprising an associated memory device capable 
>aid assembly. 



Claim 1 wherein said cover comprises: 



y and horizontally displaceable in relationship to said vials,said 



openings corresponding to locations of said vials, said 
perimeter corresponding to a perimeter of said vials; 
a skirt extending downward around the perimeter of said platen, said skirt 
having dimensions corresponding to the perimeter of a standard microtiter tray, 
said skirt constructed to engage said perimeter of said tray during vertical 
displacement of s.iid platen, causing said openings in said platen to engage said 
perimeter of said vials, applying a seating force on said vials for maintaining a 
■vails of said sample vials and said assembly for receiving said 



snug fit between 



sample vials, 
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means for forcibly lowering said platen to maintain said seating force; and 



heating mear^ositioncd in close contact with said platen to maintain said platen 
at a constant teiwlerature. 



26. The api 
for changing ti- 
the AC resistance 



aratus of claim 1 wherein said assembly comprises of at least one devise 
e temperature of said apparatus further comprising a system for measuring 
of said thermal electric device. 




The apparatus of claim 26 wherein at least fine device has a first heating and 
ing surface and a second heating and coolin/ surface, said system comprising: 
a first temperature sensor positioned sc/as to be in thermal communication with 
said first heating and cooling surface; 

a second temperature sensor positioned so as to be in thermal communication with 
said second heating and cooling surface/ 

a bi-polar amplifier circuit for/Droviding power to said tfiormal olootrie device; 



a circuit for sensing AC volt/me 



^ a ~ — 

across said ^moP^celne ^e 



evice and producing 



a DC voltage representing said AC voltage; 

a circuit for sensing AC current through saidj lfe and 
producing a DC voltage representing said AC current; 

a microcontroller programmed to receive said signals from said first and second 
temperature sensors; 

said microcontroller further programmed to cause said bi-polar amplifier to 
provide power to said ^tformal electo r device so that said first and second temperature 
sensor signals indicator equal temperatures; 

said microcontroller further programmed to cause an AC voltage to be 
superimposed on stfid bi-polar amplifier power; 

said microcontroller further programmed to receive said voltages produced by 
said circuit for/Sensing AC voltage and from said circuit for sensing AC current; 
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^^t^S*^^ furth ^ Fd S rammed t0 calcula te the AC resistance of said 
thermal el e ctric^ device from saj/2'voltages; 

said microcontrolle^furthcr programmed to compensate for ambient temperature 
rror by performing a^r&lynomial calculation; and 

said microcontroller further programmed to store said compensated AC resistance 
measuremert 



23. S A method for measuring the AC resistance of a thermal electric device having a 
first heating and cooling surface and a second heating and cooling surface, said method 
comprising: 

he temperature of said first heating and cooling surface; 
ic temperature of said second heating and cooling surface; 
applying pjnver to said Peltier thermal electric device to cause said first heating 
and said second heating and cooling surface to attain the same 



measuring 



measuring 



and cooling surfac 

temperature; 

applying ai 
measuring 
measuring 
calculating 




AC voltage across said thermal electric device; 
said AC voltage across said thermal electric device; 
*lC current through said thermal electric device; 
he AC resistance of said thermal electric device from said measured 



AC voltage and sai i measured AC current. 

29. J The method of claim 28, further comprising: 

performing a calculation for compensating for ambient temperature error to 
ulate a compensation A(Z resistance measurement; and 
storing said compensated AC resistance measurement. 



30. A method 
device having at 
surface and being 



least 



■or achieving linear temperature transitions utilizing a thermal electric 

a first heating and cooling surface and a second heating and cooling 
operated in a manner causing said first surface to be higher in 
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temperature and said sicond surface to be lower in temperature relative to each other, said 
method comprising the following steps: 

determining a jlesired heat flow from said lower temperature surface; 

determining electrical resistance of said thermal electric device as a function of 
temperature; 

determining tlje Seebeck coefficient of said thermal electric device as a function 
of temperature; 

determining tlje conduction of said thermal electric device as a function of 
temperature; 

measuring ihi temperature of said lower temperature surface; 

measuring thjb temperature of said higher temperature surface; 

calculating the average temperature of said lower temperature surface and said 
higher temperature fcurface; and 

calculating the current required to achieve said desired heat flow as a function of 
said electrical resistance of said thermal electric device as a function of temperature, said 
Seebeck coefficierlt of said thermal electric device as a function of temperature, said 
conductance of said thermal electric device as a function of temperature, said temperature 
of said lower temperature surface, said temperature of said higher temperature surface, 
and said average if said lower temperature surface and said higher temperature surface. 



31. A method] for determining the temperature of a mixture in a sample vial, said vial 
having an upper portion and a lower portion an contained in an apparatus comprising; 

as assembly for cycling said vials through a series of temperature excursions, said 
assembly further comprising a sample block for receiving said vials; 

a cover f >r applying a seating force on said vials and for applying a constant 
temperature to tl e upper portion of said vials; and 

j ing apparatus for controlling said temperature excursions of said 



a compu 



assembly and sa 



d constant temperature of said cover. 



said method conprising: 
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said sample bio 
vial between sa 



measuring |hc temperature of said sample block; 
measuring fthe temperature applied by said cover; 

determining the thermal resistance of said vial between said sample block and said 
mixture; 

determining the thermal resistance of air in parallel with said vial between said 
mixture and said cover; 

determining the thermal capacitance of said mixture; 

determining the thermal capacitance of said vial between said mixture and said 
cover; and 

calculating the temperature of said mixture as a function of said temperature of 
D:k, said temperature applied by said cover, said thermal resistance of said 
d sample block and said mixture, said thermal resistance of air in parallel 
with said vial between said mixture and said cover, said thermal capacitance of said 
mixture and said thermal capacitance of said vial between said mixture and said cover. 
\ 

32v M method of calibrating an Assembly for cycling samples through a series of 
^e/ipferature excursions comprising/ a sample block for receiving vials, a plurality of 
thermal electric devices, a heat sirtk, a clamping mechanism positioned so as to clamp 
sa/d 42©W©» thermal electric devices between said sample block and said heatsink, and a 
lemory device capable of storinl data related to said assembly, said method comprising: 

applying power to said thermal electric devices, causing said assembly to cycle 
through a desired series of temr/erature excursions 
measuring the actiraltertiperature excursions 

comparing said actuaX;tem^erature excursions with said desired temperature 
excursions 

adjusting said power applied to said thermal electric devices so that said actual 
temperature excursions matclj said desired temperature excursions 

recording said adjustefd power in said memory devicejof further utilization in 
obtaining said desired series Jbf temperature excursions 
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33. An assembly for cycling vials of reaction mixtures through a series of temperature 
excursions comprising: 

receiving vials of reaction mixtures; 
al electric devices; 



a sample block for 
a plurality of them 
a heat sink; 

a clamping mechaiism positioned so as to clamp said thermal electric devices 



between said sample bloc! 
a heater positioned 
a pin having a first 



and said heatsink; 

around the perimeter of said sample block; and 
end and a second end, said first end in close contact with said 



sample block and said second end in close contact with said heatsink so as to provide a 
thermal path between said sample block and said heatsink; 

a computing apparatus for controlling said temperature excursions of said 
assembly and said heater. 



34. A sample block for holding sample vials conWising: 
a plurality of sample wells, for receiving sample vials, each well having a top and 

bottom; 

an upper support plate connecting lhel6ps of said sample wells; and 
a bottom plate connecting the bottoj/of said sample wells 

35. The sample block of claim 34 /herein said upper support plate and said sample 
wells are electroformed as a single rtiece. 



36. The sample block/of ck 



herein said sample block is comprised of silver. 



37. The sample block o^fclaim 34 wherein said sample wel Is arc arranged in an 8x12 
array. 



38. The sample blo/k of claim 34 wherein sample block is rectangular. 



Or 



ft 



03 $r 



* 
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39. A hcatsink assembly comprising 

a plate having a top side and a/bottom side; 

a plurality of fins extendinXrpendicularly from said bottom side; 
a trench extendin^un/he perimeter of said top side to impede heat loss from 
said perimeter; 

a fan placed i{ clo^oxifnity to said fins to control air flow through said fins; 



and 



a recess within /aid plate for receiving a temperature sensor. 



40. An apparatus for measuring the AC res/stance of^^toSdcc^it> device 
having a first heating and cooling surface anjf a second heating and cooling surface, said 

system comprising; 

a first temperature sensor positioned/so as to be in thermal communication with 
said first heating and cooling surface; 

a second temperature sensor posi jfoned so as to be in thermal communication with 
said second heating and cooling surface) 

a bi-polar amplifier circuit for ioviding power to said thermal electric device; 
a circuit for sensing AC volta/c across said Jfcrma? G °lc^t! i ^ 4e , 
a DC voltage representing said yol/age; 



: and producing 



a circuit for sensing AC cWt through said^TO^evice and 
producing a DC voltage representing said AC current; 

a microcontroller prograr/med to receive said signals from said first and second 

temperature sensors; 

said microcont^r^erprogrammed to cause said bi-polar amplifier to 
prov.de power to s^^JS^ device so that said first and second temperature 
.sensor signals arc equal; 

said microcontroller/ further programmed to cause an AC voltage to be 
superimposed on said bi-p/olar amplifier power; 

said microcontroller further programmed to receive said voltages produced by 
said circuit for sensing lc voltage and from said circuit for sensing AC current; 
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^£2^TO£ her ^ med t0 calculate the AC resistance of said 
the rmal clootMc ^cvice from saia^oltages; 

said microcontroll^her programmed to compensate for ambient temperature 
error by performing apXnomial/alculation; and 

said micj^o4o(ler fyL programmed to store said compensated AC resistance 



measurement/ 



